It has been reported that taenia coli isolated from guinea pig showed tension develop ment accompanied by an increase in oxygen consumption when treated with a stimulant such as acetylcholine, eserine (1), histamine (1, 2) or high concentration of potassium in medium (3) . An increase in oxygen consumption during histamine or high-K induced cont racture is probably linked to increased Ca ions in the cytoplasm of the muscle cell (2, 4) .<BR>
The present experiments were undertaken to investigate effects of carbachol, pilocarpine, atropine and barium on oxygen consumption, muscle tension and electrical activity in taenia coli.
METHODS
Strips of taenia coli were isolated from male guinea pig, Hartley strain, weighing ap prox. 500 g and suspended immediately in a perfusion chamber which was equipped with an apparatus for simultaneous recording of medium partial oxygen pressure (Po2) and changes in muscle tension and electrical activity. This apparatus has been described previously (2, 3) . Tyrode solution was of the following composition (mM); NaCI, 136.8; KCI, 5.4; CaCl2, 2.5; MgCl2, 1.0; NaH2PO2, 0.4; Nal-1C03, 11.9 and glucose, 5.5. For high-K solution 40 mM NaCI was substituted by 40 mM KCI in the composition. Carbachol chloride (Aldrich Chemical Co., Inc., U.S.A.), pilocarpine hydrochloride (Tokyo Chemical Industry Co., Ltd., Tokyo), atropine sulfate (Tokyo Chemical Industry Co., Ltd., Tokyo) and barium chloride (Koso Chemical Co., Ltd., Tokyo) were dissolved in Tyrode solution.
Ethyl eneglycol bis (Q-aminoethylether)-N,N'-tetraacetic acid (EGTA) at a concentration of 0.1 mM was added to Ca-depleted solution to eliminate residual Ca ions. All solutions for perfusion were kept at 37 C and equilibrated at pH 7.2 with 95 02 and 5 % CO,
RESULTS
After incubation for 30 min, a tension of 0. to Ca(O)-high K medium at a concentration of 2.5 mM caused a slightly less increase in oxygen consumption than that in the Ca(2.5 mM)-high K medium, but developed much less musclet ension in the latter medium. Thus, Ba-substitution for Ca appears to disso ciate the increase in oxygen consumption from muscle tension change in smooth muscle treated with high K.
DISCUSSION
As the apparatus employed in the present experiment was capable of recording the spike discharge but not the DC membrane potential (2), this data showed only that carbachol at a concentration of 1 x 10'6 M, pilocarpine at a concentration of 4 x 10-6 M and Ba in a concentration range from 0.5 mM to 2.5 mM increase frequency and ami pltude in spike discharge, and that high-K solution induced a transient increase followed by a disappearance of electrical activity as a result of depolarization. On the other hand, a-.etylcholine in a concentration range from 10' g/ml to 10-5 g/ml was reported to cause a slow depolarization and increase in spike frequency of the smooth muscle in taenia coli (5) (6) (7) . From all these data, effects of the cholinergic drugs on electrical activity in taenia coli were observed to be almost similar.
In Bulbring's report (8) atropine in concentrations from 10-6 to 3 x 10-6 g/ml caused no significant change in spontaneous activity, except for an initial relaxation and slowing of the spike discharge, while the action of acetylcholine was completely prevented. In this ex periment, atropine inhibited the effect of carbachol and pilocarpine on the electrical and mechanical activities of the muscle, though it did not induce an initial relaxation and slowing of the spike discharge.
Suzuki et al. recorded electrical activity of taenia coli by the intracellular technique
and reported that Ba at a concentration of 1.4 mM increased the spike frequency, which was followed by prolongation of the duration in spike potential of the muscle in taenia coli. When the concentration of Ba was increased to 2.2 mM, the membrane potential fell promptly and the spike discharge became faster and irregular, ceasing after 30 sec exposure to Ba (9) . On the contrary, present data indicates that Ba at a concentration of 2.5 mM does not show a cease of spike discharges, but rather an increase in amplitude and frequency. The inconsistency between these data may be due to different recording tech niques on electrical activity of the muscle and also to high concentrations of Ba employed in this experiment.
On the other hand, Ba added to the Ca-free solution, at a concentration of 2.5 mM, did not increase frequency and amplitude of spike discharge but developed tension to 2 g. Bi lbr ing and Tomita reported that the membrane of the muscle soaked in Ca-free solution was depolarized and spikes and tension were very small or abolished. When Ba at a concentra tion of 1 mM was added to the Ca-free solution, the muscle revealed spontaneous activity.
Ba concentration was increased to 2.5 mM, after which the spike amplitude and duration further increased forming a long-lasting plateau or a maintained state of depolarization (10) . The transient spike discharge followed by infrequent small spikes during Ba treat ment observed in the present experiment are in agreement with these observations using the double sucrose-gap method (10).
Carbachol and pilocarpine increased tension of the muscle which was accompanied by an increase in oxygen consumption. Atropine completely inhibited both changes. On the other hand, acetylcholine and eserine were reported to show similar results on oxygen consumption in smooth muscle (1) . In taenia coli, cholinergic drugs induce a tension development accompanied by an increase in oxygen consumption.
In earlier works (2, 4) , an application of histamine or an elevation of K concentration in the medium caused an increase in tension development accompanied by an increase in oxy gen consumption of the muscle. In the study on Ca movement in smooth muscle, histamine
shifted Ca ions from a loosely bound fraction to a more tightly bound one (11), and high-K solution increased Ca ions which enter the depolarized muscle through the membrane during the tonic contraction (12, 13) . In both cases, the increased Ca ions in the cell are assumed to accerelate metabolic process(es), resulting in the increase of oxygen consumption (2, 4).
Cholinergic drugs, such as carbachol, pilocarpine and acetylcholine increased the exchange of Ca ion in early phase of contraction, and released cellular Ca and subsequently accumu lated it into a more tightly bound fraction in the late phase.
In the presence of atropine, cholinergic drugs did not induce any tension development nor change in Ca movement in the cell (14) . These and present data on the cholinergic drugs seen to confirm the proposal that increased Ca ions in cytoplasm of the muscle cell stimulate metabolic process(es) thereby increasing oxygen consumption (4).
Ba had a similar effect on Ca movement of the smooth muscle during contraction (13) , and the increased Ca ions in the cell appear to participate in tension development and increase in respiration.
On the other hand, an application of 2.5 mM Ba developed small tension, but increased oxygen consumption of the muscle soaked in the Ca(O) or Ca(O)-high K medium. It was reported that the Ba ion revealed mush less activity in contraction of the glycerinated muscle of taenia coli than that shown by Ca ion (15) , and that Ba ion also had an extremely small affinity to troponin prepared from chicken gizzard (16 
SUMMARY
Effects of cholinergic drugs and barium on mechanical, electrical and respiratory activities were investigated in the smooth muscle of guinea pig taenia coll.
1. Carbachol at a concentration of I x 10-° M and pilocarpine at a concentration of 4 x 10' M induced tension development, an increase in electrical activity and a decrease in Pot level. These three activities changed almost in parallel.
The effects of the cholinergic drugs on the three activities were completely inhibited by atropine at a concentration of I ; : 10' M.
These results seem to support the proposal that the increased Ca ions in cytoplasm of smooth muscle cell participate in muscle contraction and also stimulate metabolic pro cess(es) resulting in an increased oxygen consumption. 
